In the second decade of the twentieth century a new subject appeared in American high schools, aimed at providing citizens with an understanding of the essential nature of scientific thinking. "General science," as it was called, was developed and promoted by an emerging class of professional educators who sought to offer a version of science that they believed would both excite public interest and prove useful in the everyday lives of the masses of students streaming into the rapidly expanding institution of secondary education. It was to be a course with real utility that would transcend the boundaries of the specialized, abstract disciplinary subjects like chemistry and physics-subjects with identities tied to the practices and standards of the colleges and universities, which had long exerted control over the content of secondary schooling. This essay recounts the origins of general science and, in particular, examines how the intellectual and material environment of the city of Chicago at the turn of the century influenced the course that was produced and widely adopted in school programs across the United States.
I
N THE FALL OF 1910, as students returned to begin another year at University High School, located just off the Midway Plaisance on the University of Chicago campus, first-year students in science took their seats in an experimental course noteworthy for its deliberate avoidance of the trappings of the established scientific disciplines. 1 The course was general science, and with its debut the instructors at this South Side Chicago high school helped initiate a nationwide movement. Over the next two decades general science emerged as a distinct school subject, taking over the first year of the American high school curriculum to set the familiar sequence of general science (as an introduction to science for all students) followed by biology, chemistry, and physics. By 1934, according to the U.S. Office of Education, general science was the leader among all science courses "both in number of offerings and in number of registrations." That year "nearly 800,000 pupils were taking general science," a remarkable figure that represented 18 percent of the total school enrollment. The movement gave rise to its own journal, General Science Quarterly, which among other things reported on the general science clubs and meetings that were popping up in schools across the country. In a few short years, the literature on the course in this and other journals had become, in the words of one observer, "embarrassing by reason of its abundance."
2 General science was, of course, not the only new science course to appear in schools in the early years of the twentieth century. Biology traced a similar path in its development as one of the four dominant high school science offerings, the story of which has been well told by Philip Pauly. General science was unique, however, in that it was a subject with no corresponding academic field of study. It was a course fashioned de novo by a newly organized community of professional educators-created to provide the masses of new students streaming into the high schools with an appreciation of the value of science in modern society and the skills to apply scientific thinking in their daily lives. One of the main selling points of general science was its focus on the universal application of scientific thinking, a process independent of any specialized disciplinary field. This emphasis was evident in the advertising copy for the textbook developed from the experimental course at Chicago, which insisted that "there is nothing comparable to a good science course to teach your students how to think consistently, clearly, logically. This is one prime reason why the general science course . . . has met with nation-wide approval." 3 (See Figure 1 .) The question of universality raised by the very name of a course called "general science" lies at the heart of the narrative that follows-particularly with regard to the issue of place. One critic described the reform movement that led to this new subject as "a perfect cyclone, with its storm center not far from Chicago University." Another observer of the time, a proponent of physical geography as the best introductory science course for high school students, complained that "general science is essentially geographic with the geographic concept left out." "It is the skeleton without the flesh and life given it by geography," he wrote, clearly recognizing the effort advocates had made to create a course untethered to either place or discipline. 4 These obvious geographic references, one to Chicago and the other to a disconnect from geography altogether, draw attention to an interesting paradox. Those who characterize science for the public-be they scientists, science popularizers, or educators-have often portrayed its methods and practices as transcending the everyday aspects of society and culture. Yet in this instance a course designed to transmit an appreciation of the context-independent nature of science, its universal method of thought, was highly dependent on the material and intellectual resources of a particular Midwestern industrial city: Chicago. (See cover illustration.) Of course, if history tells us anything, it is that such things matter a great deal. The historian David Livingstone has convincingly pointed out in his work on science and place that although "science is supposed to stand free and unconstrained above the messiness of local circumstances . . . [it] is not above culture; it is part of culture. Science does not transcend our particularities; it discloses them." 5 In the case of general science, it was the particularities of turn-of-the-century Chicago that both informed the general science course that was created and contributed to its popularity. But although the course was widely adopted, it was ultimately less successful in promoting the transcendent qualities of pure science than its advocates had anticipated. 6 By the mid 1920s, when general science had consolidated its position as the point of entry for high school science, it looked more like an introduction to civic engineering than to any idealized abstraction of science. In this essay I argue that this engineering emphasisparticularly the focus on engineering the environment that had become the hallmark of the movement-can be traced to a variety of locales in and around Chicago, places such as the university halls edging the Midway of Hyde Park, the auditoriums and classrooms of the city's technical institutes, and, of course, the schools where countless children toiled to learn the methods and applications of science in their unsettled urban communities. Central to this story as well is the influential work of John Dewey, who made Chicago his 4 Frank Rollins, "Syllabuses and Examinations in Physics," Educational Review, 1907, 34:347-364, on p. 348; and H. W. Fairbanks, "Physical Geography versus General Science," School Sci. Math., 1910, 10:761-772 , on p. 770. 5 David N. Livingstone, "Knowledge, Space, and the Geographies of Science," in Science, Space, and Hermeneutics: Hettner Lecture, 2001 (Heidelberg, Germany: Dept. Geography, Univ. Heidelberg, 2002) , pp. 7-40, on p. 10. On the role of place in the construction of science see Steven Shapin, "Placing the View from Nowhere: Historical and Sociological Problems in the Location of Science," Transactions of the Institute of British Geographers, 1998, 23:5-12; and Livingstone, Putting Science in Its Place: Geographies of Scientific Knowledge (Chicago: Univ. Chicago Press, 2003) . Interesting work on science and place in sociology has been done by Thomas F. Gieryn: Cultural Boundaries of Science: Credibility on the Line (Chicago: Univ. Chicago Press, 1999); and "A Space for Place in Sociology," Annual Review of Sociology, 2000, 26:463-493 . The interrelationship between industrialization and higher education is discussed in Robert H. Kargon and Scott G. Knowles, "Knowledge for Use: Science, Higher Learning, and America's New Industrial Heartland, 1880 -1915 ," Annals of Science, 2002 . 6 Most of the early retrospective accounts of the general science movement portray it as a nearly unqualified success. For this interpretation see National Society for the Study of Education, A Program for Teaching Science: Thirty-First Yearbook of the National Society for the Study of Education (Bloomington, Ill.: Public School Publishing, 1932), pp. 121-125; Herbert G. Espy, The Public Secondary School (Boston: Houghton Mifflin, 1939) , pp. 238-247; and John H. Woodburn and Ellsworth S. Obourn, Teaching the Pursuit of Science (New York: Macmillan, 1965), pp. 212-235. home in the years spanning the turn of the century. All of these impinged on the creation of general science and fundamentally shaped the popular course.
This essay is also about place in another sense. It is about the school classroom as a site of historical analysis. Despite recurring calls from both historians and sociologists of science for greater attention to science in schools, few scholars have ventured to examine the way science is disseminated in instructional settings. 7 To some extent this is understandable. School science-here meaning the science taught primarily at the elementary and secondary levels-has always existed at the periphery of elite science, far downstream from the laboratories and research seminars where scientific "truths" are actively produced. But if we seek to consider questions of how scientific knowledge is taken up and circulated among ordinary citizens, we would be hard pressed to find a site that is more central than the school science classroom. 8 The classroom is, after all, one of the few places where science has been deliberately crafted for public consumption. The whole institutional setting of formal schooling-with its compulsory attendance laws, systematic instruction, and expectations for accountability in student learning-gives school science a legitimacy that powerfully influences how the public understands the content and process of science.
The story of general science in the account that follows, then, is not only about how Chicago came to inspire and inform this new course but also about how the school as an institutional space has functioned in the dissemination of images of scientific practice. In America in the early 1900s formal schooling captured the imagination of the public as an agency for collective human progress and individual social mobility. To these ends, the public invested considerable trust and material resources in a new class of education professionals-individuals with scientific training and expertise, to be sure, but who also 7 Suggestions for a closer examination of the role schools have played in mediating the relationship between science and the public have come from Margaret W. Rossiter, "Science and Public Policy since World War II," in Historical Writing on American Science: Perspectives and Prospects, ed. Sally Gregory Kohlstedt and Rossiter (Baltimore: Johns Hopkins Univ. Press, 1985) , pp. 273-294, on pp. 284-286; and Steven Shapin, "Science and the Public," in Companion to the History of Modern Science, ed. R. C. Olby, G. N. Cantor, J. R. R. Christie, and M. J. S. Hodge (New York: Routledge, 1990 ), pp. 990-1007, on p. 1002. The fruitfulness of looking at science teaching, at least at the university level, for insights into deeper social and cultural issues surrounding science can be seen in David Kaiser, "Nuclear Democracy: Political Engagement, Pedagogical Reform, and Particle Physics in Postwar America," Isis, 2002, 93:229-268; and Andrew Warwick, Masters of Theory: Cambridge and the Rise of Mathematical Physics (Chicago: Univ. Chicago Press, 2003) . Science instruction for younger students is treated in Kohlstedt, "Parlors, Primers, and Public Schooling: Education for Science in Nineteenth-Century America," Isis, 1990, 81:425-445 Science, 1994, 32:237-267 ; Anne Secord, "Science in the Pub: Artisan Botanists in Early Nineteenth-Century Lancashire," ibid., pp. 269-315; Jan Golinski, Science as Public Culture: Chemistry and Enlightenment in Britain, 1760 -1820 (New York: Cambridge Univ. Press, 1992 ; and Larry Stewart, The Rise of Public Science: Rhetoric, Technology, and Natural Philosophy in Newtonian Britain, 1660 -1750 (New York: Cambridge Univ. Press, 1992 . In the field of science studies see, e.g., Brian Wynne, "Misunderstood Misunderstanding: Social Identities and Public Uptake of Science," Public Understanding of Science, 1992, 1:281-304 . The role of schools in shaping public perceptions of science has been discounted by Marcel C. LaFollette in Making Science Our Own: Public Images of Science, 1910 -1955 (Chicago: Univ. Chicago Press, 1990 , pp. 18-19. However, the very reasons she gives for the irrelevance of school science instruction-its "carefully controlled and restricted view of research"-are precisely the reasons, I would argue, why we should examine such portrayals more carefully.
professed a commitment to meeting the broader needs of average citizens in an age when scientific advances seemed to be moving rapidly beyond their abilities and interests. The high school classroom, in this instance, served not merely as a conduit for images of science handed down from above but, increasingly, as a space where competing interest groups struggled over what science would look like as it made its way to the American people.
9
What emerged from this struggle was a view of the elite science of this era filtered through new conceptions of educational psychology and tailored to meet the perceived needs of a broad public audience. 10 The result was that the high school, as an institution of the people, settled into the role of reinforcing the dominant perceptions of science among the public rather than helping students understand the science of the disciplines on their own termsa turn of events that, in the eyes of scientists, would prove to be problematic for the public support of research in the United States by the middle of the century.
11

THE REVOLT AGAINST SPECIALIZATION
The roots of general science can be traced back to the increasing dissatisfaction with the college-dominated courses of study that prevailed at the end of the nineteenth century. Though science originally made its way into early high schools on the strength of its utilitarian value, by the late 1890s the focus of much science teaching had shifted from the practical to the academic. The 1893 National Education Association (NEA) Report of the Committee on Secondary School Studies is typically held to have marked the high point of college influence on the curricula of the secondary schools. Chaired by Harvard president Charles W. Eliot, the Committee of Ten, as it was known, called for the secondary school curriculum to be organized around the established disciplines. Most notable in this report was the committee's explicit statement that the overall course of study should not be differentiated to accommodate students of diverse backgrounds and future intentions. It viewed preparation in these largely college-defined subjects, in other words, as the best preparation for life. 12 9 The two best histories of schooling in this era are Lawrence A. Cremin, The Transformation of the School: Progressivism in American Education, 1876 -1957 (New York: Knopf, 1961 and Edward A. Krug, The Shaping of the American High School, 1880 -1920 (Madison: Univ. Wisconsin Press, 1969 . On the disconnect between science and the public see Daniel J. Kevles, "The Physics, Mathematics, and Chemistry Communities: A Comparative Analysis," in The Organization of Knowledge in Modern America, 1860 -1920 , ed. Alexandra Oleson and John Voss (Baltimore: Johns Hopkins Univ. Press, 1979 , pp. 139-172. The understanding of the school curriculum as a site of struggle among interest groups is most fully developed in Herbert M. Kliebard's classic work The Struggle for the American Curriculum, 1893 -1958 , 3rd ed. (New York: RoutledgeFalmer, 2004 .
10 Katherine Pandora's "vernacular science" provides a useful construct for thinking about the ways that science is constructed and circulated among the lay public. As she rightly points out, these ideas of science have a currency and permanence that need to be considered in thinking about interactions between institutional science and the broader public. See Katherine Pandora, "Knowledge Held in Common: Tales of Luther Burbank and Science in the American Vernacular, " Isis, 2001, 92:484-516. 11 On the perceived difficulties research scientists had with public perceptions of their work toward midcentury see David A. Hollinger, "Free Enterprise and Free Inquiry: The Emergence of Laissez-Faire Communitarianism in the Ideology of Science in the United States," New Literary History, 1990, 21:897-919 ; Jessica Wang, "Scientists and the Problem of the Public in Cold War America, 1945 -1960 ," Osiris, N.S., 2002 Press, 1964) ; and the report itself: National Education Association, Report of the Committee on Secondary School Studies (Washington, D.C.: U.S. Government Printing Office, 1893). The dominant influence of the colleges over the high schools during this period is described in Krug, Shaping of the American High School (cit. n. 9), pp. 123-145. For an extended discussion of the reality Changes were afoot, however, that disrupted the relationship that had been established between the colleges and the high schools. The most significant of these was the enormous expansion of the secondary education system. From 1880 to 1900 high school enrollments increased over 400 percent, well above the proportional increase in the population as a whole. Cities and smaller communities eager to reap the benefits of this new, more accessible form of "higher" education invested heavily in new school buildings to house the influx of students. It was estimated that from 1890 to 1900 on average nearly one new high school per day was constructed to meet the demand for space. Children of all classes, from farmers to tradespeople to unskilled laborers, filled the desks and laboratories of the new schools. It seemed, one observer noted, as though "in a single generation all American boys and girls began going to high school." As a result, the proportion of students preparing for college, never high to begin with, dropped significantly, decreasing by 60 percent from 1890 to 1910. To the growing numbers of schoolteachers and college education faculty, the Committee of Ten's claim that the academic course of study adequately met the needs of all students seemed out of step with the times.
13
Physics was the first subject to feel the effects of this sea change in public schooling, and the resulting debates over its form triggered a wide-ranging reform movement in science education. Since the mid 1880s, physics instruction in the secondary schools had followed the lead of the undergraduate physics department at Harvard University. Influenced by the German research ideal that was remaking graduate training across the United States during these years, the Harvard physicists recommended a highly abstract course that relied heavily on mathematical calculation and precision measurement in the laboratory. Such work was, without question, tedious and painstaking. But university scientists argued that this approach, in contrast to the traditional lecture-recitation method that predominated for most of the nineteenth century, provided the surest path to mental discivs. the perception of that dominance see Reese, America's Public Schools: From the Common School to "No Child Left Behind" (Baltimore: Johns Hopkins Univ. Press, 2005) . The shift away from the emphasis on science as a source of practical knowledge in the universities is described in Roger Geiger, "The Rise and Fall of Useful Knowledge: Higher Education for Science, Agriculture, and the Mechanic Arts," History of Higher Education Annual, 1998, 18:47-65 . During the later nineteenth century science instruction, particularly when associated with the laboratory, was increasingly believed to convey to students a certain level of moral rectitude apart from its utilitarian value; on this point see David A. Hollinger, "Inquiry Math., 1912, 12:85-98 , on p. 88. It has always been something of a myth in the history of education that high schools in the United States were in their early years primarily college-preparatory institutions. Careful research into this question has shown that, despite offering a handful of courses that met the needs of students preparing for college, such schools were primarily dedicated to providing practical skills for children of middle-class families. On this point see Reese, Origins of the American High School, p. 260; William J. Reese, "American High School Political Economy in the Nineteenth Century," History of Education, 1998, 27:255-265 ; and Edward Krug, "Graduates of Secondary Schools in and around 1900: Did Most of Them Go to College?" School Rev., 1962, 70:266-272 . This fact, though, did not prevent reformers from exploiting for their own purposes the perception that high schools were slaves to university expectations.
pline.
14 Expectations for this type of work, articulated primarily through college entrance examinations, set the de facto standards for high school study during these years.
When reports from the U.S. Commissioner of Education in 1901 indicated that the percentage of students enrolled in physics had dropped nearly 25 percent since 1893, in spite of the increase in student numbers overall, Clark University president G. Stanley Hall, a leading figure in the new field of experimental psychology and child study, took the opportunity to attack. In an oft-cited speech before a meeting of the New England Association of Colleges and Secondary Schools, Hall lambasted existing methods of physics teaching. "It seems to me plain and certain," he stated, "that the trouble with physics is simply that it has failed to take account of the nature, needs, and interests of high-school boys and girls." Hall argued that the new psychological studies indicated that "exactness" was an ability that came "relatively late in the development of the youthful mind." Existing textbooks, devoted to precise measurement and logical order, did not appeal to the natural inclinations of students. "Boys of this age," he exclaimed, "want more dynamic physics. . . . [T] hey are interested chiefly in the 'go' of things."
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Though some headway was made in the fight for a more meaningful course, subsequent enrollment data revealed that physics was continuing to lose ground. A widely cited Bureau of Education report for 1911 pointed out, moreover, that the declines were not limited to physics. The authors commented that "all the older sciences, rather strangely, are relatively falling off." (See Figure 2. ) Compounding concerns were numbers showing that the percentage of students taking Latin was holding steady or even increasing-a fact particularly frustrating during what was widely perceived to be an age of science. The decline raised alarms among educators. One concerned teacher predicted that at the "existing rate of decline physiology will cease to be studied by 1925, physics by 1935, [and] chemistry by 1945." References to enrollment troubles became so common that the University of Chi- 14 The history of the Harvard physics course is recounted in Albert E. Moyer, "Edwin Hall and the Emergence of the Laboratory in Teaching Physics, " Physics Teacher, 1976, 14:96-103 School Rev., 1901, 9:649-665, on p. 652 . Hall expanded on this critique in his popular two-volume work Adolescence, Vol. 2 (New York: Appleton, 1904), p. 154. In 1905 his criticism sparked a group of physics educators, led by the University of Chicago physicist Charles Riborg Mann, to mount a sustained assault on the college-preparatory approach that came to be known as the "New Movement in Physics Teaching." The movement as a whole was comprised of a set of circulars and various polemical attacks on the traditional approach to physics instruction. See C. R. Mann, C. H. Smith, and C. F. Adams, "A New Movement among Physics Teachers, " School Rev., 1906, 14:212-216 ; [Mann] , "A New Movement among Physics Teachers: Circular II," ibid., pp. 429-437; [Mann] ,"A New Movement among Physics Teachers: Circular III," School Sci. Math., 1906, 6:699-701 ; [Mann] , "The New Movement among Physics Teachers: Circular IV," ibid., pp. 787-794; and [Mann] , "The New Movement among Physics Teachers: Circular V," ibid., 1907, 7:328 . A more succinct description of the "New Movement" is found in H. L. Terry, "The New Movement in Physics Teaching," Educ. Rev., 1909, 36:12-18 . , 1912, 36:587-594, on p. 588. cago physicist Robert Millikan noted wryly that "any speech which doesn't include these figures has come to taste to us like unsalted butter." 16 Explanations for this trend varied. Defenders of the traditional courses believed that there was more to the declines than a simple dislike of science on the part of students. Some blamed the migration of science courses like physics and chemistry to the upper grades of the high school. Given that a significant number of students dropped out every year (with only 12 percent of entering freshmen graduating on average), it stood to reason that there would be proportionally fewer students enrolled in the sciences overall. Physics (Boston: Ginn, 1906) . In response to pressure from high school teachers, the College Board agreed to revise its standards in physics; see Mann, "The Interpretation of the College Entrance Examination Board's New Definition of the Requirement in Physics," Educ. Rev., 1909, 38:150-159 . On the increase in Latin enrollments see Caroline Winterer, The Culture of Classicism: Ancient Greece and Rome in American Intellectual Life, 1780 -1910 (Baltimore: Johns Hopkins Univ. Press, 2002 , Ch. 4; and "The Study of the Sciences and of Latin in the Secondary Schools," Popular Science Monthly, 1904, 64:571-572 . The predicted declines come from Harold B. Shinn, "The Movement toward a Unified Science Course in Secondary Schools," School Sci. Math., 1914, 14:778-783 , on p. 779. Millikan's view is expressed in R. A. Millikan, "Science in the Secondary Schools," ibid., 1917, 17:379-387, on p. 381. explanation, though one that a Chicago teacher found "wholly devoid of comfort to the advocate of science instruction," was that students were being drawn off into "practical" courses, such as agriculture and domestic science, that had begun to show up in schools; the reduced numbers in the traditional science courses were the result of a "crowding" effect that came from the proliferation of new courses to serve the influx of non-collegebound pupils.
17 Assessments of whether this was good or bad depended on whether one felt that these courses should be classed as "science" courses.
Despite the handful of efforts to arrive at some reasonable explanation for the enrollment phenomena, it is evident from the vast majority of articles and addresses of the time that reformers were more interested in finding fault with the established disciplinary courses than in understanding the subtleties of course placement or other explanations for the decline. The stark proportional drop-off in science course enrollments, whether or not reformers believed it actually resulted from reduced student interest, provided powerful rhetorical ammunition for change. Educators like the Illinois State physics teacher Fred Barber wasted little time making their case. "It is a well known fact to students of education," he wrote, "that the percentage of students studying the older sciences in our public schools . . . has been on the decline for twenty years." "We are beginning to realize," he went on, "that something is wrong-radically wrong-with our public school work in science." The way Barber and others cast the problem, students were losing interest owing to the imposition of highly specialized research science on high school teaching. "Modern research in the higher sciences has brought into our textbooks and our teaching a mass of material much of which," one teacher observed, "proves too heavy for the mind of the high school pupil." The "overdose of specialization," as another put it, had resulted in high school courses "too destitute of real attractiveness for secondary-school pupils."
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The sciences had without question entered a period of remarkable research activity, resulting in a level of disciplinary specialization previously unseen in the United States. As the historian John Higham has written, "the rampant growth of specialization pervades, as no other theme does, the history of knowledge" in this era. The rush toward specialization was obvious even at the time. In commenting on the high school situation in 1906 the Chicago astronomer Forest Ray Moulton noted that "the pressure of the marvelous development of research in this country during the last fifteen years has made specialists more and more narrow. The whole emphasis has been thrown on research in a narrow, technical sense; and the method, rather than the spirit, of this epoch has spread beyond its legitimate bounds." 19 The effect of this was to put greater distance between cutting-edge research and the public at large. A writer for the Nation commented that "science has withdrawn into realms that are hardly understanded [sic] of the people." He went on, "Today, no layman may fairly hope to keep up, and all sorts of popularization meets with increasing difficulty." 20 In the schools, the enrollment of a broader spectrum of students into this academic environment produced an incongruity that was hard to miss and, many believed, was responsible for the drift of students away from the sciences.
THE EDUCATORS AND THE FIRST STEPS OF A NEW COURSE
While the rhetoric of a new science education in the service of broader public engagement cut across professional groups from scientists to high school teachers, the general science phenomenon, both as a discrete school subject and as an educational ideology, was in fact the product of a much smaller group of individuals, the members of which shared a budding identity as education professionals. The leaders of this loosely constituted group came in two waves. The first, in 1905, included the University of Chicago physicist Charles Riborg Mann and the physics educator John F. Woodhull from Teachers College in New York, both of whom, following Hall's critique, spearheaded the challenge to the collegedominated physics curriculum and opened the door to a new way of thinking about science education. The second wave, beginning around 1911, consisted of those who actively built the new general science program. Among the leading figures of this latter group were Otis Caldwell, William Eikenberry, John Hessler, and Fred Barber. All but Woodhull were closely affiliated with Chicago and its environment.
To understand the nature of the reforms embodied in the general science idea, it is necessary to consider the professional place these individuals occupied in the world of science teaching in the early 1900s. Though most were trained in the research-intensive graduate schools then becoming popular (Caldwell, for instance, completed his dissertation on the morphology of Lemna, or duckweed, under the botanist John Merle Coulter at Chicago), few made any continuing research contributions in their respective fields after completing their graduate studies. Either by circumstance or by choice, they found themselves in an ambiguous position between the scientific research community and the lay public. Most were employed in high schools; others had taken positions in the increasing numbers of normal schools or teachers' colleges springing up around the country.
21 From these posts, where they had to balance their ties to their disciplinary fields with their desire for professional recognition and autonomy in the field of education, they grew to embrace their role as arbiters of the science that would best meet the needs of the larger public. As the revolt against specialization suggests, their portrayals diverged notably from the science that had become standard in the established disciplinary courses.
The "educational storm center" that was Chicago during this time, with its rapidly growing school population and urban social problems, presented an environment ripe for reform. Low pay and deteriorating working conditions in the city schools had led to the founding in 1897 of the Chicago Teachers' Federation (CTF), a labor organization representing the large number of female elementary school teachers across the city. 22 The formation of the CTF was no doubt suggestive for the city's primarily male science teachers, hungry for professional status and new ideas as they struggled to meet the demands associated with mass schooling at the high school level. The physics teachers were the first of this group to organize, holding meetings at the Lewis Institute on Chicago's Near West Side in 1902 and at the Armour Institute in 1903. A groundswell of interest from teachers of other subjects led the group to expand its charter, and in the fall of 1903 the Central Association of Science and Mathematics Teachers (CASMT) was born.
23 (See Figure 3.) Few questioned the natural assumption in the early years of the association that members were interested in topics related to both research and pedagogy. The association was proud to point out that its membership included individuals "from High Schools and Academies, Normal Schools, Colleges and Universities"-a heterogeneous mixture that is not surprising given the ill-defined distinction between high schools and colleges in the United States at the turn of the century. 24 At least initially, members shared the common belief that teaching and research went hand in hand in the advancement of science. But in reading through the CASMT proceedings from one year to the next, one can see a distinct bifurcation of interest emerging. There was a growing sentiment within the association that the union of the two was unworkable in practice. The conditions under which the average teacher labored left, in the words of one member, "but little opportunity for carrying on 22 The reference to an "educational storm center" comes from [George P. Brown], "Educational Chicago," Public School Journal, 1897, 16:541-543 Teachers, 1950) . 24 The quoted material is from "Report of the Ninth Meeting of the Central Association of Science and Mathematics Teachers," School Sci. Math., 1910, 10:80-83 , on p. 80 (hereafter references to the association's meeting reports will be given as CASMT meeting minutes). It was not uncommon for universities and colleges to run their own secondary programs to prepare students for college-level work. Some-e.g., the editor of the School Bulletin-referred to high schools as "people's colleges": School Bull., Jan. 1899, pp. 97-98; quoted in Krug, Shaping of the American High School (cit. n. 9), p. 178. For a while the University of Chicago felt it could even dispense with the first two years of undergraduate instruction, since the high schools were presumably covering similar ground. This plan is discussed by Robert Millikan in an early draft of his autobiography, The Autobiography of Robert A. Millikan (London: Macdonald, 1951 research work except during a vacation." Others argued that the two were simply incompatible. Woodhull insisted that although "theoretically the pursuit of research ought to enrich one's teaching, . . . in actual practice attention to the act of teaching wanes as attention to research increases." The fact that increasing numbers of newly minted Ph.D.s were making their way into high school teaching positions and, as one critic put it, were attempting "to force the worst features of college instruction upon secondary schools" only seemed to confirm the deep-seated difference between high school teaching and scientific research. 25 The expansion of high school enrollments and the attendant growth of the secondary school infrastructure (which included not only more schools but also more textbooks, interested parents, teacher-education programs, and university schools of education) during the period from 1890 to 1910 provided a growing base of support that educators could lean on to advance their professional interests. This remarkable institutional growth was something of which they were certainly aware. Writing in 1907, Woodhull observed that "within recent years the public high schools have become the most important educational institutions in the country. They surpass the colleges in buildings, laboratory equipment and teaching force-not only in quantity but in quality." Questions about why "highschool teachers have no professional status" gave way to stories of teachers effecting real change. 26 The CASMT was formed, of course, with the explicit purpose of hurrying this process along. The security this professional network provided no doubt emboldened reformers to distance themselves from the old-line university science educators. And in doing so they came to accept the fact that their role, primarily as teachers, was fundamentally different from that of their research-university counterparts. A high school science education, they believed, should promote a broad public embrace of modern science and rational thought, which required a turning away from the specialized knowledge of the university. As the membership of the CASMT looked to the problems of the high school, their attention fixed squarely on the declining percentage of students in the sciences.
A steady stream of articles and addresses presented at the association meetings during the first two decades of its existence emphasized the need to generate more student interest in science. The emphasis on interest followed naturally from the psychological ideas of people like Hall, who argued that it was essential for meaningful learning. But even from a commonsense perspective, it seemed obvious to reformers that greater student interest would be the key to increasing enrollments as well. Generating such interest hardly seemed a formidable task. Science possessed a natural wonder that educators felt should greatly appeal to students. Many reformers looked back to the early days of science teaching and popularization for an appropriate model. "The science courses offered some thirty to forty years ago, when the public high school was in its infancy, were interesting and popular," wrote Barber. Such classes were "spiked through and through with detail and illustration 25 On the growing sentiment that the union of teaching and research was unworkable see CASMT meeting minutes, School Sci. Math., 1905, 5:117-119, on pp. 117-118 ; the comments about teachers maintaining a hand in research were made by Otis Caldwell at this same meeting. See also J. M. Coulter, "The Influence of the Teacher's Research Work upon His Teaching of Biology in Secondary Schools," ibid., pp. 94-104. For Woodhull's views see John F. Woodhull, "Science for Culture," ibid., 1907, 7:83-93, on p. 88; and Woodhull, "Modern Trend of Physics and Chemistry Teaching," Educ. Rev., 1906, 31:236-247, on p. 237 . See also CASMT meeting minutes, School Sci. Math., 1904, 3:418-421, on p. 418. 26 Woodhull, "Science for Culture," p. 87; and Mann, "Interpretation of the College Entrance Examination Board's New Definition of the Requirement in Physics" (cit. n. 16), pp. 150-151. Awareness of the proliferation of the secondary school infrastructure is evident in G. W. Meyers, "The Laboratory Method in the Secondary School, " School Rev., 1903, 11:727-741, on p. 728. of interest to the common people." The Chicago astronomer Moulton expressed a similar sentiment, suggesting that "turning again more toward natural history" would be "in the nature of a remedy" for the public dissatisfaction with current teaching. 27 Exemplars of that earlier time were found in the likes of T. H. Huxley and John Tyndall-grand popularizers who had filled public halls across the country and kept audiences enthralled with their enchanting narratives of scientific conquest and societal advancement. It was to these individuals that the reformers pointed again and again. 28 The natural history approach of which Moulton spoke was most successfully developed in Huxley's best-selling book Physiography (1877), which chronicled the progressive development of the earth and its living organisms. But it was the spirit of the book rather than its specific content that reformers embraced. Huxley's focus on natural landforms (such as the Thames river basin where readers began their guided tour of the natural world), geologic time, and biological processes seemed less germane to the urban industrial environment of the United States in the early twentieth century. Indeed, the physiography that was still taught in the schools was thought by many to be "as lifeless and cold as the rocks with which it deals." Its primary deficiency was that it treated "natural phenomena [,] while the scientific environment of the high school pupil," noted one observer, "has more to do with the artificial applications of science to life." A modern-day equivalent needed to be developed, one suited to the contrivances that increasingly were the stuff of everyday life in the new era. It was for this purpose that general science was created. Such a course, predicted one educator, would provide the means to engage the public in the advancement of modern science, and in doing so "it will take its place alongside the ever-popular [science] lectures of several decades ago."
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The industrialization of the United States, though responsible for widespread social and economic disruptions, had created wondrous objects of fascination. All were raw material for what the historian Thomas P. Hughes has called an era of "technological enthusiasm" that was unrivaled in American history. General science advocates sought to tap that en-27 Fred D. Barber, "Fundamental Considerations in the Reorganization of High-School Science," School Rev., 1916, 24:724-734 (New York: Macmillan, 1921) , pp. 411-435. Some members of the popular press even looked back fondly on the era of science popularization. A writer for the Nation commented in 1911 that "a better understanding of the nature and limits of scientific knowledge might exist among the people if . . . there were still going on that real popularization of science which had its period of efflorescence thirty or forty years ago": "Scientists and the Masses," Nation, 4 May 1911, 92:441-442 thusiasm in constructing their new curriculum. Following the prescriptions of the new psychology, these reform-minded educators infused their courses with the appliances and modern systems students were likely to encounter in early twentieth-century America. They matched these to a variety of topics, selecting freely from all the traditional sciences, taking the best and most interesting elements each had to offer. "The student on entrance to high school is at the very threshold of his work in science." It was important "that his first impressions of this 'wonderland' be favorable, that he be happily introduced into its mysteries and methods, and that the fire of his youthful eagerness be not quenched," explained Charles Emerson Peet, an instructor at Chicago's Lewis Institute. No single subject, as currently taught, had the capacity "to stimulate [the student's] imagination, fire his ambition, engage his whole attention, and cause him to work with such intensity as would a wise selection from the whole field of science."
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The first of these deliberately eclectic courses originated in a handful of locations scattered throughout the country. High schools in Springfield, Massachusetts, Columbus, Ohio, Oak Park, Illinois, and even Los Angeles were most frequently cited as pioneers in this area as early as 1903. The new courses, however, were as varied in their organization as in their geographical provenance. The course in Springfield was essentially introductory physics, while the one in Columbus was an abridged physiography course preceded by brief surveys of physics and chemistry. The Oak Park first-year course consisted of truncated versions of the then-standard disciplinary subjects (physics, chemistry, physiology, etc.) stitched together in equal parts and taught sequentially. This variability reflected the different aims early reformers believed an introductory science course ought to accomplish, some viewing it as a preparatory class for physics in the higher grades and others as a survey of all the sciences.
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Given the range of approaches, as well as the inherently interdisciplinary nature of a "general" course, it is not surprising that critics dubbed these initial efforts as nothing more than a hodgepodge or "spineless wonder." "Much of the material which has thus far appeared," one educator explained, "consists of clippings from the special sciences." "In many cases," he went on, "little or no unifying idea . . . is evident." General Science, one of the first and most popular of the new textbooks, published by the American Book Company in 1912, exemplified this scattershot approach. In the opening pages the author lays out the book's guiding framework without apology: "The youthful mind, and indeed the average adult mind as well, is singularly non-logical and incapable of continued concentration, and loses interest under too consecutive thought and sustained style. For this reason the author has sacrificed at times detail to general effect, logical development to present-day interest and facts, and has made use of a popular, light style of writing." The wholesale acceptance of Hall's theories and, with them, the primary aim of engaging student interest above all else is evident. The book goes on to treat heat, its properties and use in cooking; light, including a discussion of refraction, photography, and artificial il- School Rev., 1909, 17:89-96 ; and Howard C. Kelly, "The Springfield Plan," Gen. Sci. Quart., 1917, 1:191-200 . For a discussion of the various aims of these courses see Caldwell, "Course in Elementary General Science," pp. 123-125. The push by physicists for a general science course tailored to their needs is described in Peet, "What Shall the First-Year High-School Science Be?" p. 813.
lumination; pumps and their value to man; and other disparate topics, each illustrated with a number of everyday examples. There are discussions of why sidewalks break up in the heat of the sun, how glass is rolled to make windowpanes, the operation of a bicycle foot pump, why soap cleans, and the effect of headache powders. Apart from a vague reliance on the admonitions of Hall and the new psychology, there was little in this book and others like it that provided any unified vision for the fledgling general science course.
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The inclusion of industrial gadgets and everyday things, it should be noted, did more than "dress up" science so that it would be palatable to adolescents. Their presence in the course suggested that reformers were working with a somewhat different conception of science from that held by the scientific community-one that the public found more comforting and familiar than the abstractions of specialized research. 33 This view of science glorified the inventive genius of the American people. Technology, industry, and invention-anything that would turn the material processes of nature to account-were king. Its icons were men such as Thomas Edison, whose celebrity as a scientist-inventor was unequaled in the early years of the twentieth century. The public's appetite for this everyday science-what Katherine Pandora has described as "science in the American vernacular"-was evident in the stories featured in leading magazines and newspapers of the day. Even the periodical Popular Science Monthly, which had long sought to bring developments in pure science-evolution, thermodynamics, and the like-to a general audience, shifted its format in 1915 (about the same time general science became established) from a literary to an illustrated magazine in order to appeal to the interests of the masses.
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Although most would have agreed with the Cornell engineering professor Dexter Kimball that "high school science can be made more effective . . . by making it somewhat less formal, and bringing it closer to the lives of the plain people," the situation with respect to general science was less a matter of educators offering a reformed course to a passive public than this statement seems to indicate. The public demand for utility and fascination with industrial technology and engineering was an important factor as well. In some sense, in moving away from the authority of the traditional disciplines, the educators had little choice about what they might teach. This aspect of the reform dynamic is something that Woodhull in particular was astute enough to observe. In 1909 he wrote, "When one considers the changes that have come over all educational institutions in the past generation, it is impossible to escape the conclusion that the public determines what shall be the nature of education"; he further predicted that "the public will no doubt require that science instruction shall be practical, or . . . applicable." Such pressures were real, to be sure. But in the tone of Woodhull's statements there is more a sense of hopefulness than of Order, 1877 -1920 (New York: Hill & Wang, 1967 , pp. 133-163; and, of course, Pandora, "Knowledge Held in Common" (cit. n. 10).
34 "The needs of the people have changed," the editor wrote in explaining the new format. "We have a hundred million population now-a population composed of whole shiploads of immigrants and their sons, eager to learn something of the scientific and engineering marvels that typify America, and millions of native-born Americans fired by the example of Edison and Ford-all seeking inspiration from the chemist, the engineer, and the inventor": Waldemar Kampffert, "Story of Popular Science Monthly," Pop. Sci. Monthly, 1915, 87:609-614 resignation-hope for the possibility that school science could be turned to an entirely new purpose in modern society.
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CHICAGO SCHOOL INFLUENCE
Enough can be found in the foregoing paragraphs to provide some indication of the important role Chicago played in the emergence of the new course. The city was the center for reformist thinking about science teaching following the establishment of the CASMT, and it is clear that its urban environment provided a wealth of material from which ideas for the new technology-focused units could be drawn. On this point, however, Chicago was far from unique. Any number of cities, from New York to Pittsburgh to Cleveland, had much the same to offer along these lines. That some of the earliest general science courses sprang up in such disparate locations testifies to this fact. But as important as household gadgets and industrial machines were to the identity of the new course, there was more to the movement's underlying philosophy than a focus on modern technology; and the closer one looks at the setting from which general science materialized, the more obvious it becomes that Chicago possessed a unique combination of factors that gave the movement a coherence and reach that it would otherwise have lacked. Central to this coherence was a tightly knit local network of scholars and activists who shared an intellectual framework within which science teaching as a whole and general science in particular were effectively reorganized. The framework was functional psychology, and it was the central element in what came to be known as the Chicago School of Thought.
Functional psychology was an approach to understanding consciousness, shared by a handful of individuals at the University of Chicago, that provided the foundation for an ongoing program of inquiry, social reform, and political action. Its adherents included John Dewey, the social psychologist George Herbert Mead, the psychologist James Rowland Angell, and the philosopher James H. Tufts. At base, they viewed consciousness as a tool, an instrument for helping organisms cope with their environment. Dewey's seminal 1896 essay on the "reflex-arc" concept, in which he attacked the structuralist psychology of the time, marked the beginning of this phase of what he often referred to as instrumentalism, and for the next decade the members of the Chicago School contributed to the intense burst of intellectual activity that extended this idea and explored its implications in a variety of settings.
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As encompassing as this school of thought was, it was a natural part of an even broader intellectual commitment, held by Chicago faculty members in the decades around the turn of the century, that Philip Pauly has described as "progressive evolutionism," which entailed a belief in the "general, orderly, directed development" of life. This idea pervaded the work of university biologists such as Jacques Loeb and Charles Manning Child. In their studies of the interactions between organisms and their surroundings, they believed that the organism was not merely a passive recipient of environmental influences or stimuli. Rather, it possessed the ability actively to shape the environment to suit its needs and, thus, to direct its own development. These evolutionary ideas were central to the intellectual ferment in the early years at Chicago, and they passed easily across disciplinary boundaries-psychologists, biologists, physicists, educators, and philosophers borrowed freely from one another in their efforts to construct a fruitful conceptual edifice. The key to the Chicago School of Thought was the extension of this idea-of the organism as constantly attentive to and shaping the environment in which it lives-to social and cultural phenomena. Such a commitment, moreover, provided a clear imperative for the active engagement of scholars themselves in the pressing affairs of their time. Dewey and Mead led by example.
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The schools provided a site where such ideas of social reconstruction might be tested. Dewey established his renowned laboratory school in 1896, two years after his appointment as director of Chicago's School of Education, for this very purpose. (Dewey viewed education and philosophy as intimately related, at one point referring to philosophy as the "generalized theory of education.") The curriculum of his experimental elementary school was designed to help pupils see for themselves how knowledge could be used as a tool to meet human needs. The progressive evolutionism in Dewey's outlook was evident in remarks he made during a course in pedagogy he taught in the first year of the school's existence. "Man's activities," he asserted, "are marked off from those of animals just because he becomes conscious of the power of control on his part, and becomes conscious of the method of subordinating physical forces to himself." Science played a key role in the work of the school, not in the sense of subjects to be taught but, rather, as the process whereby an individual's interactions with the environment were moved, as Dewey explained, from the region of "accident to that of intelligent control." "Hypotheses in control of action," Dewey's shorthand for scientific method, provided the model of purposeful thinking he sought to convey to students. Scientific methods had powerfully demonstrated their value in bending nature to human needs. It was time, he argued, for this highly effective mode of thinking to be applied in all facets of life for the progressive improvement of the human condition.
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Encouraging a broad public embrace of the scientific method was a central goal for Dewey throughout his career. 39 He expended, perhaps, no greater energy on achieving it 37 On progressive evolutionism see Philip J. Pauly, Controlling Life: Jacques Loeb and the Engineering Ideal in Biology (Berkeley: Univ. California Press, 1990), p. 67; see also Pauly, Biologists and the Promise of American Life (cit. n. 3), for a look at how this idea colored the biological sciences in the United States over the course of their development. The importance of the interactions between the organism and its environment in the work of biologists at the University of Chicago during this period is described in Gregg A. Mitman, The State of Nature: Ecology, Community, and American Social Thought, 1900-1950 Chicago, 1896 -1903 (New York: Appleton-Century, 1936 . A nice summary of how instrumental theories of knowledge were being used to rethink the nature of schooling during this time is found in Frederick J. E. Woodbridge, "Pragmatism and Education," Educ. Rev., 1907, 34:227-240 through the schools than during his years at Chicago. School science education was naturally an endeavor in which he, along with other Chicago pragmatists, was keenly interested. His efforts in this area focused on making clear the distinction between the systematized knowledge that was science (the way many traditionalists viewed it) and science as a method of knowledge production. Dewey was well aware of the controversy then swirling around high school science teaching, and he offered his own appraisal of the situation, opining that students "have not flocked to the study of science in the numbers predicted"-a reference to the seemingly well-established enrollment declines-"because science has been so frequently presented just as so much ready-made knowledge, . . . rather than as the effective method of inquiry into any subject matter." The scientific enterprise offered the masses a way of thinking, not the esoteric formulas, facts, and laws that constituted the "specialized" sciences.
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THE PROBLEM APPROACH
As much as Chicago School ideas commingled with the reform sentiments of the science educators, it was not until around 1910 that they began to have a noticeable impact on the general science movement. At that point a coherent and enduring identity for the new course, centered on Dewey's ideas about the process of science, began to emerge. Their widespread adoption was triggered by the publication that year of How We Think, a little book for teachers drawn from Dewey's experiences at the laboratory school. In the words of one reviewer, this book "contained the heart of his philosophy . . . in a form and language comprehensible to minds uncorrupted by philosophic scholarship." 41 The breakthrough Dewey achieved in How We Think was his redescription of the scientific method in a form that made for easy application to problems in everyday life. All thinking, he explained, was essentially a problem-solving activity-science, of course, being the most refined example. But rather than portraying thinking as some combination of observation and hypothesis formation followed by varying degrees of induction and deduction, as logicians and scientific methodologists had typically done, Dewey took a psychological approach. Effective thinking, he argued, began with a problem situation that was resolved through appropriate reflection and consideration of the consequences of any given action. His analysis of this process in the book was straightforward and simple: by way of illustration he described a man in the city considering what means of transportation would get him from downtown to his uptown appointment most quickly and another wondering about the purpose of a long, white horizontal pole located on the front of a ferryboat-examples far removed from a formal laboratory setting. For advocates of general science, this problem-solving gloss on scientific method (offered in terms that teachers could easily interested in this goal. Others who publicly advocated the spread of the scientific method among the general public included Simon Newcomb grasp) provided a welcome means of connecting the scientific process with things that excited public interest.
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The problem-based approach proved to be the framework that would unify the fragmented courses that had led off the general science movement. It was first taken up, not surprisingly, at Chicago's University High School, the secondary counterpart to Dewey's elementary school. The new course was organized by Otis Caldwell and William Eikenberry. Following a stint as a botany professor at Eastern Illinois State Normal School in Charleston, Caldwell had taken over as head of the natural science department in the School of Education at the university, where he served from 1907 to 1917. From that position he oversaw science instruction at the Chicago high school. His experimentation with curriculum reform began in 1908, soon after his arrival, when he arranged for regular meetings of the school's science teachers with the Chicago faculty to begin formulating ways of improving the science sequence for students. After trying out a series of half-year courses in a variety of subjects, he set out to develop a single-year alternative. In January and February 1909 Caldwell toured the various schools that had begun offering one-year general science courses. He returned in the fall with Eikenberry, who had been doing innovative work at a St. Louis high school after his graduate studies, to begin work on the Chicago version of a "topical course in science" that was formally piloted in 1910. 43 The course they developed, as Eikenberry explained, was "a synthetic course," one in which "the boundary lines between the sciences [are] as inconspicuous as possible." Student interest, of course, guided the selection of topics. The method of instruction, though, centered on problems. According to Eikenberry, "The pupil is brought face to face with [a] problem which in the existing state of knowledge he cannot solve. The difficulty usually lies in lack of knowledge of associated phenomena. These, then, must be investigated, and from this investigation return is made to the original problem." 44 The problematic situation thus provided a motivational context for learning and, more important, allowed students to engage in the Deweyan process of scientific thinking.
The textbook derived from the course, Elements of General Science, was published in 1914. It contained all the usual topics that had become staples of the general science curriculum-discussions of air pressure and temperature and their relation to furnaces and (New York: Holt, 1916), p. 483. chimneys, water pressure and pumps, bacteria and dust in the home, and so on. All the elements were things familiar to students, as would be expected from the psychological prescriptions of the day. Caldwell and Eikenberry also included topics of more commercial and civic import, such as large-scale power generation, gas and steam engines, refrigeration, and urban sanitation (a particular favorite given the rapid expansion of U.S. metropolitan areas and the health concerns this occasioned). (See Figure 4. ) A typical chapter or section in the text started with a straightforward exposition of scientific facts and their relation to some modern technology or device. These didactic passages would be followed by a description of a problem on which these facts had some bearing. Though it is difficult to know precisely how this material was presented in the classroom, in the textbook the authors concluded with a narrative description of how that problem was solved. In the chapter on sewage disposal, for example, Caldwell and Eikenberry went over the best methods a city might use to secure pure water, detailed the structural features effective sewers use to remove waste, and ended with what they called "a problem in sewage disposal." As they methodically described it, Every city has its own peculiar problems relative to water supply and sewage disposal. In Chicago the problem was to find a place to empty the sewage so that it could not flow into the lake. . . . Although Chicago is in the basin of the St. Lawrence River, at the present time its sewage flows into the Gulf of Mexico. The way this was accomplished and the peculiar geography which made it possible form an interesting story.
The story they related involved the construction of the Chicago Sanitary and Ship Canal, which opened in 1900 and was hailed as a remarkable feat of civic engineering that prevented hundreds of thousands of deaths that commonly resulted from assorted water-borne diseases. 45 Caldwell and Eikenberry's book was one of the first in a long line of general science textbooks focused on helping students understand the value of scientific problem solving in daily life. (See the table of contents in Figure 5 , for example.) The publisher, Ginn & Company, played up the connection between science and everyday thinking popularized in Dewey's best-selling How We Think in their advertising copy. The most popular books that followed in this vein, not surprisingly, came from authors with close Chicago ties. There was First Course in General Science, written by Fred Barber and his colleagues in 1916, which focused on topics that "have chiefly to do with the school life and the home life of the pupil; they are essentially projects to be solved." That same year saw the printing of a revised version of John Hessler's First Year of Science (originally published in 1914), which was intended to "produce a scientific attitude toward everyday problems." Hessler explained that "only by linking our science with everyday things can we hope to convince the pupil that science is only common sense applied to daily life."
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Although the organization of topics in each of these texts might have been no more coherent than that in the first books that came out, the problem approach now provided an emerging intellectual and pedagogical framework around which general science could rally. Caldwell summed up this new emphasis best in a piece he wrote for Popular Science Monthly. "The whole general science movement," he explained, "is an attempt to secure a scientific method of work upon concrete problems, the significance of which appeals to the worker." With the problem-solving focus, interest and process essentially became one. The new problem-based courses and textbooks pushed school science even further from 45 Caldwell and Eikenberry, Elements of General Science (cit. n. 3), p. 161. On the history of urban sanitation in the United States see Stanley K. Schultz, "To Engineer the Metropolis: Sewers, Sanitation, and City Planning in Late-Nineteenth-Century America," Journal of American History, 1978, 65:389-411 (New York: American Book, 1915) . One of the more complete examples of the problem-based textbook was The Science of Everyday Life, by Edgar Van Buskirk and Edith Smith. Each chapter began with a set of problems for the student to explore. These were, according to the authors, questions "asked of nature and answered by nature." Though such questions might be thought of as an "experiment," they explained, "in this book," following the Deweyan reformulation of method, "we call it a 'problem.'" The problem-first format of Van Buskirk and Smith was apparently so well received that Caldwell and Eikenberry adopted the traditional scientific disciplines, and as the decade wore on the reformers sought to consolidate their gains. This came in part with the successful launch in 1916 of General Science Quarterly, a highly influential journal devoted to the widespread dissemination of the general science idea. The editorial board included Caldwell, Eikenberry, Hessler, Barber, and even Woodhull, a key figure in the earlier physics reform movement. Befitting general science's newfound focus, the editors chose to lead off the inaugural issue with the text of an address by Dewey entitled "Method in Science Teaching"-a talk described by the editors as a masterpiece "in which general science was the main theme." 47 The movement's emphasis on the process of science-especially as it was redescribed from the psychological perspective of Dewey-was a perfect match for the new science education. It was, after all, the spirit of science and its power to reconstruct the social and material conditions of humankind, rather than any particular content, that, reformers believed, was of real value (and interest) to the public. In addition to promoting a wider embrace of the rational thought science exemplified, educators accomplished a more selfinterested goal as well. By tying their reform program to the new psychology that had emerged at the end of the nineteenth century, they were able to lay claim to a kind of "scientific" legitimacy that supported their professional independence from the university scientists. Moreover, a "general" science meant that there was no corresponding group of disciplinary "experts" to pass judgment on their work. The exclusive focus on process allowed for a clean break from subject matter. As one general science advocate put it, "the future for general science in the school curricula is much more a question of developing a proper pedagogical method of instruction than a matter of what shall form the exact content of such a course."
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REFORM AND THE CHICAGO NETWORK
The influence of the Chicago School might never have been felt to the extent that it was were it not for the growing professional community of science educators who variously experienced the progressive evolutionism of Chicago through contact either with the scientists and philosophers at the university or, more directly, with Dewey and his school. From the beginning, the various science departments at Chicago enjoyed close collaboration with the teachers and students of the lab school. Professors, instructors, and graduate students worked actively with Dewey to develop curricular materials for teachers in the late 1890s.
49 During these same years, those who would become the leading advocates of general science-the key figures in the second wave of reform-were busy on the Chicago campus as well, working in those departments. Caldwell, as already noted, worked alongside John Coulter, earning his Ph.D. in botany in 1898; Eikenberry did graduate work in the Hull Botanical Laboratories from 1901 to 1903. Barber, Hessler, and other proponents of general science could all trace their academic lineage to the laboratories just off University Avenue. Barber studied in the physics department in 1897/1898, and Hessler com-47 Otis W. Caldwell, "Laboratory Method and Efficiency," Pop. Sci. Monthly, 1913, 82:243-251, on p. 249; and John Dewey, "Method in Science Teaching," Gen. Sci. Quart., 1916, 1:3-9 . Comments on the talk are found in "Editorials: General Science at the National Education Association in New York," ibid., p. 58.
48 G. M. Ruch, "General Science in the University High School, Eugene, Oregon," School Rev., 1918, 26:393-400, on p. 393 . 49 The range of scientists involved in contributing materials and developing activities for students was impressive. Those who were actively involved included Thomas C. Camberlain, John M. Coulter, Charles O. Whitman, Jacques Loeb, Rollin D. Salisbury, Alexander Smith, and Henry C. Cowles; see Mayhew and Edwards, Dewey School (cit. n. 38), p. 10 n 4. pleted his Ph.D. in chemistry in 1899 while teaching at Hyde Park High School, south of the Midway. He subsequently taught in the chemistry department at Chicago until 1907, when he moved downstate to Millikan University. The active participation of the university's scientists in the work of the campus schools that had begun under Dewey continued even after he left Chicago for Columbia in 1904. Caldwell, for one, encouraged such interaction throughout his tenure on the education faculty. The close collaboration and cross-fertilization of ideas among philosophers, scientists, and educators undoubtedly had a lasting influence as these individuals rose to positions of leadership in the science education community.
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If ideas about the role of science education in industrial society were formed in the rich intellectual milieu of Hyde Park, the reach of those ideas was ultimately felt through the dissemination network provided by the Central Association of Science and Mathematics Teachers that grew up in the same neighborhood. In a span of only a few years, the CASMT had become the leading professional organization of science teachers in the country. (Caldwell served as president in 1905.) Although there were other science teaching organizations across the country-groups like the Physics Club of New York and the Pacific Coast Association of Chemistry and Physics Teachers-none set the national agenda for reform to the same extent as the CASMT.
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The association's ability to shape national opinion came through its well-attended Chicago meetings, which provided a forum, certainly, for the exchange of ideas related to the curriculum and teaching. But more important, perhaps, was the wider exposure it gave science teachers to both the functionalist ideas of the Chicago School and the new urban industrial world the city of Chicago embodied. Dewey delivered the keynote address at the second meeting of the association in 1903, taking the opportunity to sound his recurring argument about the value of science for meaningful problem solving. 52 The following year the group held its dinner meeting at Hull House, the settlement in downtown Chicago founded by Jane Addams, a tireless social reformer and one of Dewey's close friends. Meeting attendees frequently toured the laboratories on the Chicago campus where key early reformers like Mann and Millikan worked, and, to satisfy its interest in new technology, the association organized excursions to an array of local sites. Turn-of-the-century Chicago was without question a showcase for such marvels. The city was home to hundreds 50 The intense communal environment that existed at Chicago during these years is detailed in Pauly, Controlling Life (cit. n. 37), pp. 65-69. 51 CASMT, Half-Century of Science and Mathematics Teaching (cit. n. 23), pp. 1-38. Efforts to establish a national science and mathematics teaching organization to supplant the CASMT resulted in the short-lived and rather ineffectual American Federation of Teachers of the Mathematical and Natural Sciences; see C. R. Mann, "The American Federation of Teachers of the Mathematical and Natural Sciences," Science, N.S., 1907, 25:338-339. It was not until the founding of the National Association for Research in Science Teaching in 1928 that a truly national professional organization took hold. 52 Dewey's influence and interest were never far from the movement. Certainly his collaboration with university scientists and his work at the lab school were key. But even after he left Chicago for the philosophy department at Columbia University, in 1904, he remained active in science education reform. Two years after arriving in New York, Dewey agreed, along with Mead, to serve on Mann's committee on reform in physics education. He subsequently participated in a symposium on the "purpose and organization of physics teaching in secondary schools," the papers of which were featured in a high-profile series in School Science and Mathematics in 1908 and 1909 . In addition to contributions from Dewey and G. Stanley Hall, Mann secured statements on the new direction of science teaching from eminent scholars such as Columbia University president Nicholas Murray Butler and the physicists Henry Crew and Chicago's Albert Michelson. See CASMT meeting minutes, School Sci. Math., 1907, 7:63-67 , on p. 66. The series featuring the symposium papers began ibid., 1908, 8:717-728; 1909, 9:1-7 . Dewey's contribution is found ibid., pp. 291-292. On Mann's interest in enlisting the help of educational researchers see C. R. Mann to Michael Vincent O'Shea, 27 Sept. 1906 , 4 Oct. 1906 of manufacturing plants that churned out countless consumer and industrial products, from household furniture to reapers. Among the frequent and extremely popular excursions, members toured the works of Chicago's Grand Crossing Tack Company, the Kimball piano factory, and the McCormick Harvester works-modern-day temples of the industrial age.
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Reformist ideas were spread even further through the association's journal, School Science and Mathematics. From its founding in 1901 by a small group of physics teachers in Chicago until the establishment of General Science Quarterly in 1916, School Science and Mathematics was the "only Magazine of its kind published in the English language." 54 Articles calling for reform, reports of new initiatives, debates over curricular innovation, and excerpts of meeting discussions were common features of the journal throughout the early years of the century and effectively set the direction of the field nationally. It was in the pages of School Science and Mathematics that Mann laid out his case for a new direction in science teaching, advancing in a five-part series the Deweyan line that science should be taught as an instrument of human progress. Throughout his articles and addresses, Mann linked the reform movement in science education to the new psychological findings of the time. He called on science teachers to study the writings of the new psychologists and repeatedly questioned whether the traditional methods of science teaching could be justified by their latest findings.
55 Efforts such as these laid the groundwork necessary for the introduction of general science in the schools, and the maturation of the network of education professionals contributed significantly to the course's success.
THE ENGINEERING IDEAL
While the public may have embraced the reformers' focus on modern industry and the problems of everyday life, others were less than pleased with the headlong rush to this 53 The Hull House dinner is reported in CASMT meeting minutes, School Sci. Math., 1905, 5:61-63 America, 1865 -1925 (Baltimore: Johns Hopkins Univ. Press, 1995 , pp. 62-65. The annual excursions are described in the CASMT meeting minutes: School Sci. Math., 1907, 7:67; 1908, 8:68; 1905, 5:63; 1915, 15:176; 1908, 8:69. 54 The journal was started by C. E. Linebarger, a high school physical science teacher from Chicago, and officially transferred to the CASMT under the editorship of Charles H. Smith and Charles M. School Sci. Math., 1906, 6:194-197, on p. 195 ; and Mann, "The Meaning of the Movement for the Reform of Science Teaching," Educ. Rev., 1907, 34:13-25 , on p. 14. Mann's series appeared as "On Science Teaching [I-VI]," School Sci. Math., 1905, 5:546-551, 617-622, 685-690; 1906, 6:29-35, 194-197, 303-309 . What overflow there was from School Science and Mathematics found another outlet close to home in the general education journal School Review, edited by the University of Chicago education professor George Herbert Locke. During the height of the early agitation for change, the journal was taken over by the university's Department of Philosophy and Education, with the editorial duties shared by Chicago School notables James Tufts and George Herbert Mead, among others. It was in the pages of School Review that one of the earliest calls for a general science course was made. In 1906, in an article titled "Science in the High School," Mead lamented the gap that existed between the child's experience and school science courses. A new introductory science course should be developed, he insisted-one that would present science to the child in terms he or she could experience directly. The paper had been circulated in advance among eminent scientists on the Chicago faculty, including Millikan and the astronomer Forest Moulton, who drafted replies giving Mead's call for a new approach their whole-hearted endorsement: Mead, "Science in the High School" (cit. n. 19), p. 243; and F. Ray Moulton and Robert Andrews Millikan replies to Mead, "Science in the High School," pp. 249-250, 250-252. new type of science course. Initial objections came, naturally, from teachers of physiography, the subject that general science was largely replacing. 56 More persistent critiques, however, were voiced by others within the scientific community, particularly those in the core academic disciplines. John Coulter, for instance, took issue with the movement's abandonment of the discipline as an organizing framework for teaching. While acknowledging the undesirable trend toward specialization, he insisted nonetheless that "there are groups of subjects which are units, so far as education is concerned. It is these natural units that must be preserved, . . . if science is to do its perfect work in education." Along the same lines, the Ohio zoologist H. L. Wieman equated the new course with the thencurrent modernist movement in art, suggesting that "we have our cubists and futurists in education as well." "The kind of art that is capable of producing a picture supposed to be that of a man coming downstairs but which in reality resembles nothing so much as a snap-shot of an explosion in a shingle factory," he went on, "has much in common with the system of education that produced the 'general science' course . . . a kind of mosaic composed of fragments taken from the fields of chemistry, physics and biology." Robert Millikan, who had agitated for science education reform in the early 1900s and contributed to the development of Caldwell and Eikenberry's general science course as a faculty member at Chicago, expressed similar concerns. He strongly regretted his involvement in getting general science off the ground; it was, in his words, something "for which I hope God may some time forgive me." The problem was that having general science in the high school curriculum effectively displaced one of the standard academic science courses. "It is simply," he complained, "that the average pupil who goes through high school does not get enough fundamental science." And it was for this reason that "the general science movement has, thus far, . . . been a step backward rather than a step forward."
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It seems clear that this discontent stemmed from the educators' deliberate extraction of the scientific method from its moorings in the conceptual knowledge of the disciplines. With general science's focus on scientific method in the form of problem solving, the systematized knowledge of the academic sciences was pushed into the background, to be drawn on only as needed in addressing some everyday problem or concern. It was this that critics found so troubling. The focus on scientific process in the new course did not provide enough science, apparently, to satisfy the subject-matter stalwarts. Wieman complained: "We hear so much nowadays about scientific method in all grades of teaching . . . that one can not help thinking that where there is so much smoke there must be fire. 56 A flurry of articles appeared making the case for physiography as the more appropriate introduction to science for the novice student. See Fairbanks, "Physical Geography versus General Science" (cit. n. 4); C. R. Mann, "Physical Geography versus General Science," School Sci. Math., 1911, 11:17-19 ; Percy E. Rowell, "General Science versus Physical Geography," ibid., pp. 116-121; and Anon., "Physiography as an Introduction to Science," ibid., pp. 256-262. These arguments, however, seemed to carry little weight. Consequently, efforts to shore up physiography's place in the curriculum were short-lived. The percentage of students taking physiography tailed off rapidly, declining over 32 percent from 1905, when the agitation for reform began, to 1915. By the mid 1920s, when general science had secured its hold on the curriculum, the percentage of students taking physiography courses had dropped to only 2.5 percent of total enrollments. See annual reports of the U.S. Commissioner of Education; and Downing, "Enrollment in Science in the High School" (cit. n. 17), p. 351.
57 John M. Coulter, "The Mission of Science in Education, " School Rev., 1915, 23:1-8 , on pp. 7-8 (ironically, Coulter had been Caldwell's Ph.D. advisor at Chicago; their views on this matter differed nonetheless); H. L. Wieman, "Teaching Scientific Method versus Teaching the Facts of Science," School and Society, 1916, 3:851-858, on p. 853; Robert A. Millikan, " The Elimination of Waste in the Teaching of High School Science," School Sci. Math., 1916, 16:193-202, on p. 197; Millikan, "The Problem of Science Teaching in the Secondary Schools," ibid., 1925, 25:966-975, on p. 967; and Millikan, "Present Needs of Science Instruction in Secondary Schools," ibid., 1920, 20:101-104, on p. 103. But the fire appears to be very carefully guarded." "One is led to suspect," he concluded, "that there is too much loose talk about scientific method." It wasn't that Wieman and others believed that educators were using the scientific method incorrectly. "Every one knows that the scientific method is not limited in its application to the fields of natural science," he wrote. But its haphazard application to the mundane problems of everyday life would result in little more than a superficial experience in disciplinary science for students. What was needed, scientists like Wieman believed, was a "thorough grounding in the natural sciences both for the sake of the scientific method as well as the subjectmatter." 58 This is precisely, however, where the advocates of general science differed from their critics. Although the power of scientific thinking had been proven in the sciences, they believed that its value for the masses lay in its wide and varied application to the more immediate problems of living. This commitment to the practical applications of the scientific method need not have precluded teaching about the more formal aspects of the disciplines as well. One can imagine students learning how scientific methods could be used to solve the many problems they encountered in their communities or about the scientific principles underlying the operation of the assorted appliances of the time, all the while working toward an understanding of the value of more conceptually sophisticated disciplinary knowledge. Teaching devoted to the wider utilization of scientific thinking and a deeper understanding of the scientific foundations of modern society were certainly what Dewey had envisioned as appropriate outcomes of a reformed science education. 59 But casting aside the theoretical abstractions associated with traditional science courses to embrace an educational psychology that placed a premium on the familiar led reformers to create materials that highlighted the empirical and utilitarian. Specifically, the application of the scientific method (in its new incarnation as everyday problem solving) to the devices and technologies of the students' immediate environment generated lessons and activities more in line with the nation's famed engineering talents, which had captivated public attention in the early 1900s, than with the research science of the universities. 60 The engineering emphasis comes through most clearly in the general science textbooks' emphasis on environmental manipulation. "The primary function of first-year general science," wrote Barber in the preface to his book, which could easily have served to introduce any of these texts, "is to give, as far as possible, a rational, orderly, scientific understanding of the pupil's environment to the end that he may . . . correctly interpret that environment and be master of it." Some commentators even went so far as to refer to the new courses as "Environmental Problem Courses." 61 The inclusion of the Chicago Sanitary and Ship Canal in Caldwell and Eikenberry's widely used book, for example, provided students with one of the more dramatic examples of large-scale environmental manipulation. The unyielding theme of the entire movement was the power of human thought to redesign nearly any facet of the environment, large or small, to meet human needs. Either through the illustration of technologies that represented exemplary problem solutions in the history of humankind or the inclusion of activities that involved students directly in the solution of the immediate problems of their local environment, the central importance of design, innovation, and rational analysis-all staples of the engineering profession-were foregrounded in the general science classroom. It would be, perhaps, only a slight exaggeration to say that had any of the general science textbooks published between 1912 and 1925 been titled "Introduction to Civic Engineering," few educators would have voiced any surprise-particularly in Chicago, where the city planning movement was in full swing, commanding the attention of municipal leaders and school board members alike. 62 The identification of general science with engineering was solidified by the wholesale adoption of what became known as the "project method" of instruction. Borrowed from the demonstration projects of the corn and canning clubs sponsored by the Rockefeller Foundation's General Education Board in the South, the project method emerged as the natural unit of activity in the general science classroom. It got its start in the sciences at the urging of Woodhull, who, as chair of the NEA's 1914 committee on general science, insisted that only a project approach to teaching science would adequately meet public needs. 63 Whereas the problem approach outlined by Dewey moved scientific method from the esoteric realm of scientific research to the everyday world of the student, the project method provided a means of focusing that problem solving on a concrete task-one that could easily be assigned by a teacher for completion in school or at home. The project method quickly gained prominence and grew hand in hand with the new course. "General science is project science" became a common refrain, and publishers soon brought out separate manuals of student projects to accompany existing texts or published new books filled with end-of-chapter projects, which included everything from securing pure air in a textbooks, it is not difficult to find instances of environmental manipulation tied directly to ideas of evolutionary progress. One teacher wrote that the purpose of general science was to help students "realize that all life is but a struggle between the upbuilding and disintegrating forces of nature, and that our very existence and present mode of life is but the result of man's efforts to harness and control the natural forces that surround him." Another insisted that the science learned in such courses would be "a big factor in the survival of the fittest." The culminating chapter in Caldwell and Eikenberry's landmark textbook was titled "The Struggle for Existence"; they concluded by explaining how even fixed hereditary traits could be overcome by the exercise of intelligence. "We can create for ourselves new and artificial environments," they explained, "which shall enable us to turn a harmful or worthless hereditary tendency into efficiency and a high type of usefulness." 65 Their course was designed, as their ad copy stated, "to teach students how to think"-but not in some idle way that might or might not promote mental discipline. It was designed, rather, to teach students to use their rational faculties to remake the material world for the advancement of humankind. This was schooling aimed at realizing the idea of intelligence as tool, or at least one version of it.
There were still some scientists who sought to maintain a place for "pure" science in the schools, even during what Kimball described as "these days when industry is the idol, not only of our own, but of all other progressive nations." The California physicist E. P. Lewis based his argument, as David Hollinger has shown that so many other scientists did in the later 1800s, on the love of truth and virtue the study of science would instill in young minds-Lewis saw science as the way toward "a regenerated religion of humanity." But in America's new century, such reasoning fell on deaf ears-there was no tangible payoff that virtue could provide. Kimball's observation was largely on target, and in some ways the general science movement in its own unique fashion was in the vanguard, reflecting the practical sensibility, if not fetish, that had come to suffuse American culture. Even Millikan, as he fought the spread of the new course, was soon busy reforming the physics curriculum at Chicago; the goal, as he described it, was to "fit the student for the many phases of the engineering profession better" and, thus, to bring the teaching of physics into line with the dominant industrial ideology of the day. 66 The engineering emphasis, along with the frequent references by people like Hall to what might best excite a "boy's" interest, raises interesting questions about gender-related issues in general science. Although the shift to an engineering model undoubtedly represented a move to a more masculinized view of science (it was certainly more masculine than the courses in physiography it replaced, and decidedly more so than the romanticized nature-study courses that by 1910 had been thoroughly discredited at the high school level), general science was seen at the time as much more accommodating to girls' concerns than the traditional courses in physics, chemistry, and even biology. With the incessant drumbeat of student interest driving the reorganization of the school curriculum, educators increasingly grappled with issues pertaining to the perceived differences among students-and the differences between boys and girls certainly seemed clear. A topical course like general science allowed teachers to draw on examples from all the disciplines, choosing those that they believed would appeal to both girls and boys, if not simultaneously then by turns. "Any group of boys taking a science course," noted one teacher, "acquires a considerable amount of general science naturally, because boys somehow or other get around in shops, manufacturing plants," and the like. "The contrary of this statement is true of the girls." However, she went on, "on account of the great wealth of material for a general science course, boys and girls can have courses best fitted to their needs." Textbooks typically included extensive treatments of the application of science in the home, often covering things such as the heat used in cooking and other subjects allied with what was increasingly referred to as "domestic science." These topics were presented alongside the sections on dynamos and the more industrial topics presumed to be of more interest to boys. Perhaps because of this concern with including materials suited to the needs and interests of both genders, it was not uncommon for general science textbooks to be authored or coauthored by women. Of the twenty-some books published in the first ten years of the movement, nearly 20 percent had women authors-a situation strikingly different than in the traditional science subjects, where textbooks were almost exclusively written by men. As "masculine" as the engineering approach might have seemed, it was offered to girls as well as boys.
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CONCLUSION
The reformers who defined general science for a generation of schoolchildren in the middle 1910s of the last century quickly saw the new course gain national and international credibility. Of all these individuals, Caldwell perhaps did the most to ensure the lasting influence of the new course. After leaving Chicago in 1917 to become the first director of the Lincoln School and a faculty member at Teachers College at Columbia University in New York (alongside Dewey), he was selected to head a subcommittee to draft an NEAsponsored statement on science in the secondary schools. This report, published in 1920, was part of the historic document Cardinal Principles of Secondary Education put out two years earlier. Written by educators rather than academic scholars, the Cardinal Principles report articulated a sweeping new set of social, moral, and intellectual aims for schooling. Laying to rest the prescriptions of the previous century's Committee of Ten, which had emphasized the centrality of the disciplines in organizing education, these educators wrote that schooling should henceforth meet the real-life needs of students in diverse areas such as health, worthy home membership, vocation, citizenship, use of leisure time, and ethical character. In line with these recommendations, Caldwell's report devoted considerable space to the new general science course and highlighted the problem-based/engineering approach as the ideal instructional method. With this document in hand, school districts across the country were free to adopt a radically different educational program for secondary schools-and adopt it they did.
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General science reached a level of saturation in American schools unmatched by any of the traditional science courses. In terms of raw numbers of students, it exceeded even the new subject of biology in popularity.
69 By the mid 1920s the course was offered in every state in the union, as well as in U.S. territories such as Puerto Rico, the Philippine Islands, and Guam. Publishers rushed textbooks and workbooks to press to meet the demand for materials-during the fifteen years beginning in 1910 over thirty different textbooks were published. Adding to the deluge of material, the pages of General Science Quarterly and other education journals were increasingly filled with descriptions of effective projects, project lists, and bibliographies of project-related articles and books to be used in the new course. 70 The result was a veritable general science industry that not only contributed to the continuing expansion of the subject itself but also provided a model for the reform of traditional courses like physics and chemistry. In an address about the future of the American high school, Columbia University professor David Snedden pointed to the subject as an exemplar of the kind of instrumentalist course schools should be offering, and, he remarked, "tribute must be paid to the large amounts of experimental and genuinely constructive work done in this direction by school men in and around Chicago." Curriculum Studies, 1995, 3:197-208 . The importance of this sort of official sanction should not be underestimated. As E. O. Sisson wrote: "The special reason for urging these subjects upon the attention of the commission is that the vast majority of schools will fear to introduce anything of the sort until they have some authority to support them." "Extract from letter from Edward O. Sisson," Box 39, File 250: Committee on the Reorganization of Secondary Education, 1915 Education, -1922 , Records of the Office of the Commissioner, Record Group 12, Records of the Office of Education, National Archives and Records Administration, College Park, Maryland.
69 It should be noted that this was likely due only to the fact that general science preceded biology in what became the established science course sequence-there were simply more students around in the earlier grades to take general science. In terms of percentage enrollment by grade level, I suspect that the numbers would be comparable. The fact remains, however, that general science reached more students during the period from 1920 to 1950 than any other science course on the books. 70 The information on general science course offerings comes from Frank M. Philips, Statistics of Public High Schools, 1927 -1928 Sci. Quart., 1917, 1:146-152; Eikenberry, "Bibliography of General Science for 1917 ," ibid., 1918 ; Rose E. Herrold, "Bibliography of the Project Method," ibid., 1919, 4:283-291; and Ralph K. Watkins, "Bibliography of Project Teaching and General Science," ibid., 1924, 8:522-529 . 71 David Snedden, "The High School of Tomorrow," School Rev., 1917, 25:1-15 , on p. 9. It should be noted that the radical changes that got their start on the South Side of Chicago were felt even across the Atlantic, in England. The newly launched British journal School Science Review reported on Caldwell and Eikenberry's Elements of General Science textbook in the first issue in 1919 and followed up with a detailed account in 1921 of Caldwell's statement on the reorganization of science teaching in America. Not long after this publicity, a general science movement swept across that country as well. The review of Caldwell's book appeared in School Sci. Rev., 1919, 2. See also Editor, "Science for All: A Plea for General Science," ibid., 1920, 2:197-202; and Editor, "Reform of Science Teaching in America," ibid., 1921, 2:327-333 . Details on the general science movement in England can be found in Jenkins, From Armstrong to Nuffield (cit. n. 7), pp. 70-106. The question of The development of general science during this era illustrates both the important role schools play as a place where science is brought into sustained contact with the public and the surprisingly open process that determines the form of school subjects in the educational system of the United States. Although the aim of the traditional science educators, like those in the Harvard physics department, may have been to produce something of a professional self-portrait in the classroom, the expansion of American secondary education inevitably tipped the balance away from the disciplinary structure they valued most. As the broader public looked to the schools to learn about what science was and how it might improve their lives, a new professional class of educators rushed in to meet their needs, developing a course that they believed captured the best of what science had to offer-its transcendent method of thought stripped clean of the opaque abstractions and mathematical formalisms of the specialized sciences. The linchpin of their movement was the psychological reconceptualization of the process of science offered by Dewey. This view of process opened classroom doors to a science of everyday life and, at the same time, provided a credible intellectual foundation grounded in the new "science" of psychologya foundation that gave reformers a level of legitimacy in the public eye (even among scientists) that had previously been lacking. Just how much of Dewey's vision the reformers sought deliberately to incorporate into the general science ideology is difficult to gauge. The movement's rhetoric, as it appeared in textbook introductions and advertisements as well as in countless public addresses given by proponents across the country, certainly hewed close to the Deweyan line. It is more likely, though, that the reformers simply appropriated the parts of his broader educational philosophy that were useful for furthering their own professional goals.
The most powerful of these ideas, and one increasingly accepted by the public at large, was the belief in a universal method of thought that could be fruitfully applied in all realms of human endeavor. But as much as the reformers sought to craft a course that would foster an appreciation of scientific thinking and skill in using it to guide citizens in their daily lives, other aspects of the Chicago environment pressed in and left their mark. Along with Dewey's problem-centered scientific epistemology, the architects of general science embraced the needs and interests of an increasingly demanding lay public, particularly its fascination with turn-of-the-century technology and industry, and staked their position as far as possible from the traditional, discipline-centered view of science teaching as they sought to move out from under the shadow of university control. All this contributed to what general science had become by 1920. Born in the milieu of early twentieth-century Chicago-a crossroads of intellectual energy and urban industrial excess-the "science" of the general science course presented scientific practice almost solely as a means to remake the material environs of the urban world. It was a course that was satisfied-and perhaps appropriately, given the demands of mass schooling and the developmental level of the students-with concrete problems drawn from the immediate environment.
The engineering outlook adopted by Mann, Caldwell, Eikenberry, and others clearly reflected the progressive evolutionary view that pervaded the intellectual environment of Chicago. It was a view that saw the human organism as necessarily engaged in the constant maintenance and improvement of the artificial worlds that had rapidly grown up from the land. Students were taught to manage the steel, concrete, smoke, dust, and sewage that were the inevitable by-products of cities like Chicago, exemplars of what Hughes has whether the movement in England arose independently of that in the United States is an open one. The English science education reformers were, in any case, apparently well aware of the events transpiring in America.
called the "human-built" world. 72 This was where general science reached its limits. It never approached the more abstract levels of scientific thought, as some in the scientific community believed it should; nor, as Dewey desperately wished, did it seek to apply the methods of science to the vexing social and political problems industrialization had created in the United States. With its focus on engineering, it was a course well suited to the industrial temper of the times, a course that fulfilled its mission to excite and engage the burgeoning numbers of early twentieth-century high school students in ways that an outdated physiography could not.
Particularly interesting in this episode of reform is the extent to which the marginalization of disciplinary structure went unchallenged by the scientific community. The practical emphasis that had arrived in classrooms with general science in the middle 1910s held sway in American schools for more than three decades. There were some, like Millikan and Wieman, who voiced their displeasure with this trend. But such objections were scattered and grew less frequent over time. Even when scientists sought in the 1920s to re-engage the public through initiatives like the Science Service-a project that was part of what the historian Ronald Tobey has referred to as "the awakening of the scientists"-school science was left largely untouched. Their reluctance to interfere might be attributed to the fact that by this point the educators had established a firm enough hold on the schools, both administratively and politically, that a challenge had become difficult to envision. But perhaps the more compelling reason that scientists ceded control of the classroom for so long was the simple fact that the stakes weren't sufficiently high to warrant the trouble to take it back. From the early 1900s to World War II, public perceptions of science had little real impact on the fortunes of basic research in the United States. An apt characterization of the scientific community's feelings on this matter was offered by John Coulter when he noted in 1905 that public relations "is a subject to which [scientists] are indifferent or which may afford them passing amusement." But even for someone like Coulter, who believed that more should be done to improve public understanding of research, the target was limited to what he called the "intelligent public." His educative impulse did not extend to the children of the public at large, "to whom information concerning research would be like 'casting pearls before swine. '" 73 These scientists, of course, could not have foreseen the dramatic transformations in the organization and support of research brought about by the events of World War II, with the huge influx of federal funds that would sustain science on a scale unimaginable before the war. In the new age of government patronage, perceptions of science suddenly mattered a great deal, and it was during the immediate postwar years that scientists fought to reinsert their voices into the public dialogue over what science is. While they had previously tolerated the extended discussions of home heating, the physics of refrigeration, and the simplified scientific method offered in school courses like general science-if indeed they were aware of them at all-they now viewed them as contributing to a public misunderstanding of research that threatened their own interests. The result was an unprecedented Slosson, 1921 -29" (M.A. thesis, Univ. North Carolina, Chapel Hill, 1979 .
